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is fixed to a fixed part via a plurality of beams disposed along
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FIG. 7A




U.S. Patent Feb. 2, 2016 Sheet 8 of 12 US 9,253,578 B2

FIG. 8




U.S. Patent Feb. 2, 2016 Sheet 9 of 12 US 9,253,578 B2

FIG. 9A &

FIG. 9B

FIG. 9C




U.S. Patent Feb. 2, 2016 Sheet 10 of 12 US 9,253,578 B2

FIG. 10
13 21
17
11
\
19
o
37

N

31A

31B

25 21

29\ / 29




U.S. Patent Feb. 2, 2016 Sheet 11 of 12 US 9,253,578 B2




U.S. Patent Feb. 2, 2016 Sheet 12 of 12 US 9,253,578 B2

FIG. 12
PRIOR ART
101

\ 103 15 105

‘\\\\\\\\ \m\‘%\\m
//W //////%//W

113

13

111

MANN

N

~.

109



US 9,253,578 B2

1
DIRECTIONAL LOUDSPEAKER

RELATED APLICATIONS

This application is the U.S. National Phase under 35 U.S.C.
§371 of International Application No. PCT/JP2012/005396,
filed on Aug. 28, 2012, which in turn claims the benefit of
Japanese Application No. 2011-206921, filed on Sep. 22,
2011, the disclosures of which are incorporated by reference
herein.

TECHNICAL FIELD

The present invention relates to a directional loudspeaker
that allows transmission of audio information only to a spe-
cific subject.

BACKGROUND ART

In order to transmit audio information only to a specific
subject, a directional loudspeaker has conventionally been
used. In the directional loudspeaker, an audible sound signal
as audio information that is modulated with a carrier wave in
the ultrasonic wave band is input to a piezoelectric element,
and thereby a diaphragm provided with the piezoelectric ele-
ment is vibrated and a sound wave is generated. A structural
sectional view of this directional loudspeaker is shown in
FIG. 12.

Piezoelectric element 105 as a vibration source adheres to
diaphragm 103 of directional loudspeaker 101. Diaphragm
103 is bonded, using insulating adhesive agent 111, to the tips
of electrodes 109 that are fixed to base 107. Further, piezo-
electric element 105 is connected to each of electrodes 109
via respective lead wire 113. In order to increase the sound
pressure from directional loudspeaker 101, directional loud-
speaker 101 may include resonator 115 (see Patent Literature
1, for example).

With such a configuration, a signal obtained by modulating
an audible sound signal with a carrier wave in the ultrasonic
wave band is input from an external electrical circuit (not
shown) to piezoelectric element 105 via electrodes 109 and
lead wires 113. Thereby, piezoelectric element 105 and dia-
phragm 103 are vibrated, and audio information is transmit-
ted only to a specific subject, i.e. the user of the electronic
device, for example.

CITATION LIST

Patent Literature 1 Japanese Patent Unexamined Publica-
tion No. 2006-245731

SUMMARY OF THE INVENTION

The present invention provides a directional loudspeaker.
In this directional loudspeaker, an audible sound signal that is
modulated with a carrier wave in the ultrasonic wave band is
input to a piezoelectric element, and thereby a diaphragm
having the piezoelectric element is vibrated and a sound wave
is generated. In this directional loudspeaker, the diaphragm is
fixed to a fixed part via a plurality of beams disposed along the
outer circumference of the diaphragm.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an exploded perspective view of a directional
loudspeaker in accordance with a first exemplary embodi-
ment of the present invention.
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FIG. 2A is a top view of a vibrator of the directional
loudspeaker in accordance with the first exemplary embodi-
ment.

FIG. 2B is a perspective view of the vibrator of the direc-
tional loudspeaker in vibration in accordance with the first
exemplary embodiment.

FIG. 3 is an assembly perspective view of the directional
loudspeaker in accordance with the first exemplary embodi-
ment.

FIG. 4 is a top view of another configuration of the vibrator
of the directional loudspeaker in accordance with the first
exemplary embodiment.

FIG. 5 is a top view of still another configuration of the
vibrator of the directional loudspeaker in accordance with the
first exemplary embodiment.

FIG. 6 is a top view of yet another configuration of the
vibrator of the directional loudspeaker in accordance with the
first exemplary embodiment.

FIG. 7A is a top view of a vibrator of a directional loud-
speaker in accordance with a second exemplary embodiment
of the present invention.

FIG. 7B is a perspective view of the vibrator of the direc-
tional loudspeaker in vibration in accordance with the second
exemplary embodiment.

FIG. 8 is a top view of a vibrator of a directional loud-
speaker in accordance with a third exemplary embodiment of
the present invention.

FIG. 9A is a top view of a piezoelectric element of a
vibrator of a directional loudspeaker in accordance with a
fourth exemplary embodiment of the present invention.

FIG. 9B is a top view of a diaphragm of the vibrator of the
directional loudspeaker in accordance with the fourth exem-
plary embodiment.

FIG. 9C is a top view of the vibrator of the directional
loudspeaker in accordance with the fourth exemplary
embodiment.

FIG. 10 is an exploded perspective view of a directional
loudspeaker in accordance with a fifth exemplary embodi-
ment of the present invention.

FIG. 11 is an exploded perspective view of a directional
loudspeaker in accordance with a sixth exemplary embodi-
ment of the present invention.

FIG. 12 is a sectional view of a conventional directional
loudspeaker.

DESCRIPTION OF EMBODIMENTS

Prior to the description of the exemplary embodiments of
the present invention, a problem in the conventional configu-
ration shown in FIG. 12 is described.

In directional loudspeaker 101 shown in FIG. 12, dia-
phragm 103 that has piezoelectric element 105 adhering
thereto is bonded to the tips of electrodes 109, using insulat-
ing adhesive agent 111. Thus, the circumference of dia-
phragm 103 is a free end. In addition, insulating adhesive
agent 111 has a low rigidity. Thus, when a signal is input to
piezoelectric element 105, diaphragm 103 vibrates in the
vertical direction in FIG. 12 with the parts bonded using
insulating adhesive agent 111 as nodes thereof. In other
words, when the portion of diaphragm 103 between elec-
trodes 109 bends downward, the free end bends upward.
When the portion of diaphragm 103 between electrodes 109
bends upward, the free end bends downward. These opera-
tions generate the sound wave. However, the vibration of
diaphragm 103 exerts repeated stresses on insulating adhe-
sive agent 111. If the degradation of insulating adhesive agent
111 is advanced in such a state by the influence of an ambient
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temperature, humidity, or the like, diaphragm 103 can peel off
from the tips of electrodes 109.

In contrast, if bonding is made with a more rigid material
including metal bonding, instead of insulating adhesive agent
111, the possibility of peeling-off is reduced. However, the
free end is less likely to vibrate and this reduces the sound
pressure.

Hereinafter, a description is provided for the exemplary
embodiments of the present invention that address the above
problem, with reference to the accompanying drawings.
First Exemplary Embodiment

FIG. 1 is an exploded perspective view of a directional
loudspeaker in accordance with the first exemplary embodi-
ment of the present invention. FIG. 2A is a top view of a
vibrator of the directional loudspeaker in accordance with the
first exemplary embodiment. FIG. 2B is a perspective view of
the vibrator of the directional loudspeaker in vibration in
accordance with the first exemplary embodiment. FIG. 3 is an
assembly perspective view of the directional loudspeaker in
accordance with the first exemplary embodiment. Each of
FIG. 4 through FIG. 6 is a top view of another configuration
of the vibrator of the directional loudspeaker in accordance
with the first exemplary embodiment.

As shown in FIG. 1, the directional loudspeaker includes
vibrator 11, support 23, and base 25. Vibrator 11 is formed of
disc-shaped diaphragm 13, piezoelectric element 15, a plu-
rality of beams 17, and fixed part 19. The gap between adja-
cent beams 17 is referred to as slit 21. It is defined that
diaphragm 13 is within the circular region shown by the inner
fine dotted line in vibrator 11 in FIG. 1 and fixed part 19
extends in the region from the circle shown by the outer fine
dotted line to the outermost circumference in vibrator 11 in
FIG. 1.

Here, a plurality of (eight in FIG. 1) beams 17 are present,
and the beams are disposed in at least part of the outer cir-
cumference of diaphragm 13 along the outer circumference
of diaphragm 13. Beams 17 extend in the plane direction of
diaphragm 13, that is, the direction the same as that of the
plane of diaphragm 13.

The other end of each beam 17 is fixed to fixed part 19.
Specifically, diaphragm 13, beams 17, and fixed part 19 are
integrally formed by pressing a metal plate made of alumi-
num, for example. This configuration strengthens the connec-
tion between diaphragm 13 and beams 17, and between
beams 17 and fixed part 19, and eliminates the need for an
insulating adhesive agent or the like. Thus, no peeling-off
occurs and the reliability is enhanced. The integrally forming
method is not limited to pressing, and etching may be used. In
this case, small beams 17 or those having complicated shapes
can be worked with a high accuracy.

Piezoelectric element 15 is formed on the top face of dia-
phragm 13 thus obtained. As shown in FIG. 2A, piezoelectric
element 15 is shaped into a circle with a diameter slightly
smaller than that of diaphragm 13.

Now, beams 17 are described in detail. Beams 17 securely
retains diaphragm 13 so that high reliability is obtained. Fur-
ther, when diaphragm 13 is vibrated by inputting a signal to
piezoelectric element 15, beams 17 also bend, which
enhances the displacement of diaphragm 13. That is, beams
17 serve to increase the sound pressure. Thus, the presence of
beams 17 can enhance the displacement of diaphragm 13. In
order to effectively enhance the displacement, in this exem-
plary embodiment, the length of each beam 17 is set longer
than the gap, i.e. the minimum distance, between diaphragm
13 and fixed part 19,. For this purpose, as shown in FIG. 2A,
beams 17 are formed in a helical shape from diaphragm 13 to
fixed part 19 in an oblique direction. This configuration can
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lengthen each beam 17 and allows beams 17 to displace
diaphragm 13 in a twisted direction. Thus, the entire displace-
ment can be enhanced. When the sound pressure is higher
than necessary, the sound pressure can be adjusted by chang-
ing the angle of each beam 17, disposing each beam 17 at the
minimum distance between diaphragm 13 and fixed part 19,
or the like.

Next, a perspective view when vibrator 11 is driven is
shown in FIG. 2B. In the drawing, expansion of diaphragm 13
and piezoelectric element 15, and bend of beams 17 are
exaggerated compared to actual behaviors. As shown in the
drawing, in response to expansion of diaphragm 13 upward in
FIG. 2B, beams 17 also bend upward. As a result, the dis-
placement of diaphragm 13 caused by the bend of beams 17 is
enhanced and thereby high sound pressure is obtained.

Beams 17 also have the following advantages. In beams 17,
the distance between the portions of adjacent beams 17 fixed
to fixed part 19, i.e. the width of slit 21 at fixed part 19 shown
by the arrow in FIG. 2A, is substantially zero within a fixing
accuracy of each beam 17 to fixed part 19. The fixing accuracy
means the working accuracy in pressing or etching.

As shown in FIG. 2A, such a shape of beams 17 means that
the shape of each slit 21 has a portion along the outer circum-
ference (inner dotted line in FIG. 2A) of diaphragm 13 on the
side of diaphragm 13 but has no portion along the inner
circumference (outer dotted line in FIG. 2A) of fixed part 19.

With this configuration, substantially no slit 21 is present
with respect to fixed part 19, and the rigidity of beams 17 at
fixed part 19 can be enhanced. Therefore, even when the
vibration of diaphragm 13 repeatedly bends beams 17, this
configuration can reduce the possibility of breakage of beams
17 at fixed part 19 and thus further enhance the reliability.

The specific shapes of beams 17 vary with materials and
thicknesses of beams 17, characteristics of input signals,
required reliability and sound pressure, or the like. Thus, it is
only necessary to determine the shape appropriately via simu-
lations, trials, or the like.

Returning to FIG. 1, vibrator 11 thus configured is fixed to
one end of support 23 at fixed part 19. Support 23 is made of
a metal and shaped into a cylinder. As substantially no vibra-
tion of diaphragm 13 is conveyed to fixed part 19 the possi-
bility of decreasing sound pressure is extremely low even
when fixed part 19 is securely fixed to support 23. Therefore,
in order to obtain high reliability, fixed part 19 is welded to
support 23. The fixing of fixed part 19 to support 23 is not
limited to welding, and may include soldering, and an adhe-
sive agent that ensures high reliability.

The other end of support 23 is fixed to metallic disc-shaped
base 25. Examples of the method for fixing the support and
the base include welding and adhesion as described above. To
base 25, two electrodes 29 are fixed via insulators 27. Two
electrodes 29 penetrate base 25. Terminals 31A and 31B are
formed by flattening the tips of electrodes 29 on the base 25
side. Examples of such base 25 include the base portion of the
metal package in a commercially-available metallic case
(can).

A perspective view of a directional loudspeaker thus
assembled is shown in FIG. 3. Lead wire 33 A is joined to the
surface of piezoelectric element 15. The other end of lead
wire 33A is connected to terminal 31A. Piezoelectric element
15 is formed on the top face of metallic diaphragm 13. Thus,
the rear face of piezoelectric element 15 (the face in contact
with diaphragm 13) is electrically connected to fixed part 19
via beams 17. Therefore, one end of lead wire 33B is con-
nected to fixed part 19 where the influence of vibration of
diaphragm 13 is extremely small. The other end of lead wire
33B is connected to terminal 31B. These connections are
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made by wire bonding. The connection is not limited to wire
bonding, and any configuration that does not seriously hinder
the vibration of diaphragm 13 can be used. Examples of such
a configuration include the use of flexible cables as lead wires
33 A and 33B, or the use of both wire and flexible cable.

With this configuration, a signal can be input from elec-
trodes 29 to piezoelectric element 15. That is, diaphragm 13
provided with piezoelectric element 15 can be vibrated by
inputting a signal obtained by modulating an audible sound
signal with a carrier wave in the ultrasonic wave band. As a
result, a highly-directional sound wave is generated, and thus
sound information can be transmitted only to a specific sub-
ject.

The above configuration and operation allow diaphragm 13
to beretained by beams 17 disposed in at least part of the outer
circumference of diaphragm 13 and thus eliminate the need
for the use of the conventional insulating adhesive agent. This
makes diaphragm 13 less likely to be affected by an ambient
temperature, humidity, or the like, and offers high reliability.
Further, the bend of beams 17 allows the vibration of entire
diaphragm 13 even through diaphragm 13 is retained by
beams 17, and thus high sound pressure is obtained. There-
fore, this configuration allows a directional loudspeaker with
high sound pressure to have high reliability.

This exemplary embodiment shows a configuration of inte-
grally forming diaphragm 13, beams 17, and fixed part 19.
However, each element may be formed separately. That is,
these elements are formed separately, and diaphragm 13 is
securely fixed to one ends of beams 17, and the other ends of
beams 17 are securely fixed to fixed part 19 by welding,
soldering, adhesion, or the like. With this configuration, indi-
vidual elements are made of different materials and thus
optimum design can be made. For instance, diaphragm 13 is
made of a material having a high degree of adhesion to piezo-
electric element 15, beams 17 are made of a flexible material,
and fixed part 19 is made of a material having a high rigidity.
When diaphragm 13, beams 17, and fixed part 19 are inte-
grally formed of the same material, the reliability or sound
pressure optimum for input signal characteristics may not be
obtained in some cases. In that case, elements made of dif-
ferent materials can configure a directional loudspeaker that
has both high reliability and high sound pressure.

In this exemplary embodiment, piezoelectric element 15 is
formed only on the top face of diaphragm 13. However, even
piezoelectric element 15 is formed on the bottom face (rear
face) of diaphragm 13, the advantages (high reliability and
high sound pressure) can be offered similar to those when the
piezoelectric element is formed on the top face.

Further, piezoelectric elements 15 may be formed on both
faces of diaphragm 13, or a plurality of piezoelectric elements
15 may be laminated so that polarization directions thereof
are different. When piezoelectric elements 15 are formed in
this manner, electrically parallel connection can lower the
voltage at which the equal sound pressure can be obtained and
simplify the circuit configuration. In this configuration, the
sound pressure can be increased by application of the equal
voltage. In this manner, forming piezoelectric elements 15
can offer the advantages of reducing the cost with the simpli-
fied circuit and further increasing the sound pressure, in addi-
tion to the advantages of high reliability and high sound
pressure in the present exemplary embodiment.

In order to further increase the sound pressure, piezoelec-
tric element 15 may include a resonator in the conventional
configuration shown in FIG. 12. However, the positions of
lead wires 33 need to be considered so that the resonator does
not make contact with lead wires 33.
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In the exemplary embodiment, each of beams 17 is in a
helical shape extending from diaphragm 13 to fixed part 19,
but is not limited to this shape. For instance, as shown in the
top view of vibrator 11 in FIG. 4, beams 17 may be formed as
straight lines. In this case, the shape of each slit 21 is simpli-
fied and thus the accuracy is ensured even by pressing. There-
fore, this configuration can reduce the cost, in addition to the
advantages of high reliability and high sound pressure.

In the configuration of FIG. 4, each slit 21 is formed along
both ofthe inner circumference (outer dotted line in FIG. 4) of
fixed part 19 and the outer circumference (inner dotted line in
FIG. 4) of diaphragm 13. That is, this slit is different in shape
from slit 21 of FIG. 2A where substantially no portion is
present along the inner circumference (outer dotted line in
FIG. 2A) of fixed part 19. However, depending on the
required reliability and sound pressure, the configuration of
FIG. 4 instead of the configuration of slits 21 in FIG. 2A can
reduce the cost within the range in which the reliability and
sound pressure are ensured. Therefore, it is only necessary to
comprehensively determine the shape of beams 17 in consid-
eration of the cost reduction in addition to the reliability and
sound pressure.

Similarly, as shown in vibrator 11 of FIG. 5, the angle of
each straight beam 17 extending from vibrator 13 to fixed
portion 19, with respect to vibrator 13 may be inverted alter-
nately. In this case, slits 21 have an area larger than those in
the cases shown in FIG. 2A and F1G. 4. Therefore, in addition
to the advantages obtained by the configuration of FIG. 4, two
lead wires 33 joined to the top face of piezoelectric element
15 and fixed part 19, respectively, can be led to the bottom
face throughsslits 21. Thus, two terminals 31A and 31B can be
disposed inside support 23 that is fixed to base 25 in FIG. 1,
and thereby the directional loudspeaker can be downsized.

Further, as shown in vibrator 11 of FIG. 6, part of each
beam 17 may be formed along diaphragm 13 and the circum-
ference of fixed part 19. In this case, each beam 17 has a crank
shape and thus is longer than those of the cases shown in FIG.
2A, FIG. 4, and FIG. 5. This configuration can further
enhance the bend of each beam 17 when diaphragm 13 is
vibrated. This configuration is effective when much higher
sound pressure is necessary.

Second Exemplary Embodiment

FIG. 7A is a top view of a vibrator of a directional loud-
speaker in accordance with the second exemplary embodi-
ment of the present invention. FIG. 7B is a perspective view of
the vibrator of the directional loudspeaker in vibration in
accordance with the second exemplary embodiment. In this
exemplary embodiment, elements similar to those of the first
exemplary embodiment have the same reference marks and
the detailed description thereof may be omitted.

The characteristic configuration of this exemplary embodi-
ment is as follows. In a plurality of beams 17, the distance
between the portions of adjacent beams 17 fixed to diaphragm
13, i.e. the width of slit 21 at diaphragm 13 shown by the
arrow in FIG. 7A, is substantially zero within a fixing accu-
racy of each beam 17 to diaphragm 13. Similarly to the first
exemplary embodiment, the fixing accuracy means the work-
ing accuracy in pressing or etching.

As shown in FIG. 7A, such a shape of beams 17 means that
the shape of each slit 21 has a portion along the inner circum-
ference (outer dotted line in FIG. 7A) of fixed part 19 on the
fixed part 19 side but has no portion along the outer circum-
ference (inner dotted line in FIG. 7A) of diaphragm 13. This
shape is reverse to the shape of slit 21 of FIG. 2A in the first
exemplary embodiment.

With this shape, substantially no slit 21 is present with
respect to diaphragm 13, and thus the rigidity of beams 17 at
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diaphragm 13 can be maximized. Therefore, when stresses
are concentrated on the root portions of beams 17 at dia-
phragm 13 by the vibration of diaphragm 13 in the required
driving characteristics of a directional loudspeaker, the con-
figuration of FIG. 7A can reduce the possibility of breakage
of the root portions of beams 17, thereby further enhancing
the reliability. That is, as shown in FIG. 7B, when diaphragm
13 is vibrated, in response to expansion of piezoelectric ele-
ment 15 and diaphragm 13 upwardly, beams 17 also bend
upward. The width of each beam 17 is largest in the root
portion coupled with diaphragm 13. Thus, even in the driving
characteristics where stresses are concentrated on the root
portions, the reliability can be enhanced.

Also in this exemplary embodiment, similarly to the first
exemplary embodiment, the specific shapes of beams 17 can
vary with materials and thicknesses of beams 17, character-
istics of input signals, required reliability and sound pressure,
or the like. Thus, it is only necessary to determine the shape
appropriately via simulations, trials, or the like.

The above configuration and operation can reduce the pos-
sibility of breakage of the root portions of beams 17 at dia-
phragm 13 and thereby allow a directional loudspeaker with
high sound pressure to have much higher reliability.

Third Exemplary Embodiment

FIG. 8 is a top view of a vibrator of a directional loud-
speaker in accordance with the third exemplary embodiment
of the present invention. In this exemplary embodiment, ele-
ments similar to those of the first exemplary embodiment
have the same reference marks and the detailed description
thereof may be omitted.

The characteristic configuration of this exemplary embodi-
ment is as follows. In a plurality of beams 17, the distance
between the portions of adjacent beams 17 fixed to fixed part
19, i.e. the width of slit 21 at fixed part 19, is substantially zero
within a fixing accuracy of each beam 17 to fixed part 19.
Further, in the plurality of beams 17, the distance between the
portions of adjacent beams 17 fixed to diaphragm 13, i.e. the
width of slit 21 at diaphragm 13, is substantially zero within
a fixing accuracy of each beam 17 to diaphragm 13. In other
words, the shape of beams 17 of this exemplary embodiment
has both of the advantages of the first exemplary embodiment
and the second exemplary embodiment. As shown by the
arrows in FIG. 8, the widths of both ends of each slit 21 are
substantially zero. Thus, each slit 21 has a shape that has no
portion along the outer circumference (inner dotted line in
FIG. 8) of diaphragm 13 and has no portion along the inner
circumference (outer dotted line in FIG. 8) of fixed part 19.

With this configuration, substantially no slit 21 is present
along the outer circumference of diaphragm 13 and the inner
circumference of fixed part 19. This configuration can
enhance the rigidity of beams 17 both at diaphragm 13 and at
fixed part 19. As a result, even when beams 17 are bent
repeatedly by the vibration of diaphragm 13, the possibility of
breakage of the root portions of beams 17 both at diaphragm
13 and at fixed part 19 can be reduced and thereby the reli-
ability is further enhanced.

Also in this exemplary embodiment, similarly to the first
exemplary embodiment and the second exemplary embodi-
ment, the specific shapes of beams 17 can vary with materials
and thicknesses of beams 17, characteristics of input signals,
required reliability and sound pressure, or the like. Thus, it is
only necessary to determine the shape appropriately via simu-
lations, trials, or the like.

The above configuration and operation can reduce the pos-
sibility of breakage of the root portions of beams 17 both at
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diaphragm 13 and at fixed part 19. Thus, a directional loud-
speaker having high sound pressure is allowed to have much
higher reliability.

Fourth Exemplary Embodiment

FIG. 9A is a top view of a piezoelectric element of a
vibrator of a directional loudspeaker in accordance with the
fourth exemplary embodiment of the present invention. FIG.
9B is a top view of a diaphragm of the vibrator of the direc-
tional loudspeaker in accordance with the fourth exemplary
embodiment. FIG. 9C is a top view of the vibrator of the
directional loudspeaker in accordance with the fourth exem-
plary embodiment. In this exemplary embodiment, elements
similar to those of the first exemplary embodiment have the
same reference marks and the detailed description thereof
may be omitted.

The characteristic configuration of this exemplary embodi-
ment is the shape of piezoelectric element 15. Piezoelectric
element 15 has parts close to corresponding beams 17 in the
portions to which beams 17 are fixed, of diaphragm 13, i.e. in
the root portions coupled to diaphragm 13, of beams 17.
Specifically, this exemplary embodiment has the following
configuration. In each of the first through the third exemplary
embodiments, piezoelectric element 15 has a circular shape.
In contrast, in this exemplary embodiment, as shown by the
fine dotted lines in FIG. 9A, parts (in four places) of piezo-
electric element 15 are provided with piezoelectric element
protrusions 35. Each of piezoelectric element protrusions 35
is a part that protrudes outward from the circular shape (the
shape shown by thick dotted lines in FIG. 9A) of piezoelectric
element 15 in each of the first through the third exemplary
embodiments.

Next, a top view of diaphragm 13 before providing piezo-
electric element 15 is shown in FIG. 9B. In this exemplary
embodiment, different from each slit 21 in the third exem-
plary embodiment, each slit 21 is shaped to have a portion
along the outer circumference (inner dotted line in FIG. 9B)
of diaphragm 13 and have a portion along the inner circum-
ference (outer dotted line in FIG. 9B) of fixed part 19. This is
because, in the configuration of this exemplary embodiment,
diaphragm 13 is vibrated under the conditions where the
possibility of breakage of the root portions of beams 17 is
extremely low both at diaphragm 13 and at fixed part 19. Such
a configuration can enlarge each slit 21 similarly to those
shown in FIG. 4 and FIG. 5, thus enhancing formability of
each slit 21 and reducing the cost. Further, the helical shape of
each of beams 17 can lengthen beams 17 and enhance the
bend of beams 17, thereby increasing the sound pressure due
to the lengthened amount.

On the other hand, the portions having no beams 17 and the
portions having beams 17 are alternately present along the
outer circumference (inner dotted line in FIG. 9B) of dia-
phragm 13. In the configuration of FIG. 9B, four beams 17 are
formed, and thus there are four portions having beams 17 and
four portions having no beams 17.

When such diaphragm 13 is vibrated, the portions of the
diaphragm having beams 17 and the portions of the dia-
phragm having no beams are compared. Whereas the latter is
a free end, the former is constricted by beams 17. This makes
the rigidity in the portions having beams and the portions
having no beams different. Therefore, when circular piezo-
electric element 15 is used, desired driving characteristics
may not be obtained in some specifications of a directional
loudspeaker.

Thus, in this exemplary embodiment, when portions hav-
ing beams 17 and portions having no beams 17 are present
along the outer circumference of diaphragm 13, piezoelectric
element 15 is disposed close to the portions having beams 17.
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That is, when piezoelectric element 15 is formed on dia-
phragm 13 so that piezoelectric element protrusions 35 of
FIG. 9A correspond to the portions having beams 17, piezo-
electric element 15 is disposed close to the portions having
beams 17 as shown in FIG. 9C. When diaphragm 13 is
vibrated by such piezoelectric element 15, piezoelectric ele-
ment protrusions 35 exert more stresses on beams 17 via the
portions having beams 17. This configuration can reduce the
non-uniformity of vibration of diaphragm 13 caused by dif-
ferent rigidities, and increase the sound pressure by piezo-
electric element protrusions 35. Thus, desired driving char-
acteristics can be obtained.

The above configuration and operation can provide the
high reliability described in the first through the third exem-
plary embodiments, and vibrate even parts which are less
likely to vibrate, of diaphragm 13 close to beams 17. Thus, a
directional loudspeaker having higher sound pressure can be
provided.

Piezoelectric element protrusions 35 described in this
exemplary embodiment are not limited to the configuration of
vibrator 11 of FIG. 9C, and may be used in the configurations
of FIG. 2A, and FIG. 4 through FIG. 8. Piezoelectric element
protrusions 35 are preferable, particularly in the configura-
tions of FIG. 2A, and FIG. 4 through FIG. 6, in which the
portions having beams 17 and the portions having no beams
are clearly present along the outer circumference of dia-
phragm 13. Piezoelectric element protrusions 35 may be dis-
posed in a configuration where beams 17 and slits 21 have
shapes different from those shown in FIG. 2A, and FIG. 4
through FIG. 9C and are arranged in a manner different from
those shown in these drawings. Also such a configuration can
offer advantages similar to those of the configuration shown
in FIG. 9C.

Fifth Exemplary Embodiment

FIG. 10 is an exploded perspective view of a directional
loudspeaker in accordance with the fifth exemplary embodi-
ment of the present invention. In this exemplary embodiment,
elements similar to those of the first exemplary embodiment
have the same reference marks and the detailed description
thereof may be omitted.

The characteristic configuration of this exemplary embodi-
ment is that vibrator 11 and support 23 in the first exemplary
embodiment are integrated into one unit. Specifically, as
shown in FIG. 10, diaphragm 13, beams 17, and fixed part 19
are integrally formed on the top face of metallic cap 37,and a
piezoelectric element (not shown in FIG. 10) is disposed on
the rear face of diaphragm 13. All these elements form vibra-
tor 11. The shapes of diaphragm 13, beams 17, and slits 21
and arrangement thereof are identical with those shown in
FIG. 2A. Though not shown in FIG. 10, one end of lead wire
33 is joined to the surface of the piezoelectric element.

The other end of lead wire 33 is connected to terminal 31A.
Unlike the configuration of FIG. 1, terminal 31B is fixed
directly to metallic base 25 without insulator 27 interposed
therebetween. Cap 37 is placed on base 25, and the bent part
along the bottom end of cap 37 is welded to base 25. Thereby,
cap 37 is electrically connected to one of electrodes 29. As
described above, the piezoelectric element is formed on the
rear face of diaphragm 13 that is integrally-formed on the top
face of cap 37. Therefore, the surface of the piezoelectric
element joined to diaphragm 13 is electrically connected to
one of electrodes 29. Thus, one lead wire 33 is sufficient. As
a result, the possibility of breakage of lead wire 33 is one half
of'that of the first exemplary embodiment. This increases the
reliability. Further, this configuration eliminates the need for
support 23, and thus reduces the cost. In addition, disposing
lead wire 33 inside cap 37 allows downsizing.
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The position of the piezoelectric element is different from
that of'the first exemplary embodiment, but the other points in
the configuration (the shapes of beams 17 and slits 21 and
arrangement thereof) are identical with those of FIG. 1 as
described above. Thus, similarly to the first exemplary
embodiment, this exemplary embodiment can provide the
advantage of high sound pressure offered by beams 17.

The above configuration and operation can offer high
sound pressure as described in the first exemplary embodi-
ment. Further, in addition to the high reliability offered by the
configuration of retaining diaphragm 13 with beams 17, a low
possibility of breakage of lead wire 33 allows the directional
loudspeaker to have much higher reliability.

In this exemplary embodiment, a configuration including
only one lead wire 33 is used. However, similarly to the first
exemplary embodiment, a configuration including two lead
wires may be used. In this case, the second lead wire 33
connects fixed part 19 or the inside of cap 37 to terminal 31B.
Although this configuration makes the possibility of breakage
of'lead wires 33 equal to that of the first exemplary embodi-
ment, this configuration can provide a directional loud-
speaker having high reliability and high sound pressure.

The shapes of beams 17 and slits 21 and arrangement
thereof described in this exemplary embodiment are not lim-
ited to those shown in FIG. 10, and the configurations
described in FIG. 4 through FIG. 9C are applicable. Alterna-
tively, beams 17 and slits 21 may have shapes different from
those shown in FIG. 4 through FIG. 9C and may be arranged
in a manner different from those shown in these drawings.
Such shapes and arrangement can also offer the advantages
similar to those shown in FIG. 10.

Also in this exemplary embodiment, the piezoelectric ele-
ment having piezoelectric element protrusions 35 described
in the fourth exemplary embodiment is applicable. This con-
figuration can offer the advantages similar to those of the
fourth exemplary embodiment.

Sixth Exemplary Embodiment

FIG. 11 is an exploded perspective view of a directional
loudspeaker in accordance with the sixth exemplary embodi-
ment of the present invention. In this exemplary embodiment,
elements similar to those of the first exemplary embodiment
have the same reference marks and the detailed description
thereof may be omitted.

The characteristic configuration of this exemplary embodi-
ment is that a plurality of (seven, herein) diaphragms 13 are
integrally formed with beams 17 and slits 21 on one metal
plate as a substrate, and piezoelectric element 15 is disposed
on the top face of each of diaphragms 13. The whole portion
other than diaphragms 13, beams 17, and slits 21 in the metal
plate serves as fixed part 19. Thus, in FIG. 11, a plurality of
sets of combination of diaphragm 13 and a plurality of beams
17 are disposed on fixed part 19. This metal plate and seven
piezoelectric elements 15 form vibrator 11. The shapes of
diaphragm 13, beams 17, and slits 21, and arrangement
thereof in each set of combination are same as those shown in
FIG. 1.

Respective lead wire 33 A is connected to each piezoelec-
tric element 15 in vibrator 11, and lead wires 33A are united
into one and connected to input terminal 39A. One end of lead
wire 33B is electrically connected to a part of fixed part 19 in
vibrator 11. The other end of lead wire 33B is electrically
connected to input terminal 39B. Such a configuration elec-
trically connects seven piezoelectric elements 15 parallel to
each other.

Fixed part 19 of vibrator 11 is fixed to holder 41. Holder 41
has a plurality of (seven in FIG. 11) bottomed cavities 43 each
having a diameter equal to that of the inner circumference
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(e.g. the outer fine dotted line in FIG. 2A) of fixed part 19
formed in the positions opposite corresponding diaphragms
13. The reason why cavities 43 are bottomed is to radiate a
sound wave only in one direction (the upper direction in FIG.
11).

When fixed part 19 is fixed to holder 41 in such a configu-
ration, diaphragms 13, beams 17, and slits 21 are placed on
virtual planes extended from the top faces of holder 41 at
respective cavities 43. Thus, this exemplary embodiment pro-
vides a configuration of integrally-forming seven directional
loudspeakers described in the first exemplary embodiment,
for example. Holder 41 may be made of a metal; however, in
this exemplary embodiment, holder 41 does not need to have
electrical conductivity, and thus may be made of a resin.

When holder 41 is made of a resin, holder 41 is bonded to
fixed part 19 by an adhesive agent. In this case, substantially
no vibration is conveyed from diaphragms 13 to fixed part 19,
and fixed part 19 can be bonded to all the area of the top face
of holder 41 without cavities 43. This can reduce the possi-
bility of peeling-off. Thus, holder 41 made of a resin can also
offer high reliability. Further, for holder 41 made of a resin,
cavities 43 can be formed by injection molding and thus the
cost can be reduced.

In contrast, holder 41 made of a metal can be welded to
fixed part 19 of vibrator 11 and this can offer much higher
reliability. Further, when lead wire 33B connected to fixed
part 19 is thrust into thick holder 41 for secure connection, the
possibility of breakage of lead wire 33B can be reduced and
this can also offer high reliability. Therefore, in view of the
required reliability and cost, it is only necessary to select a
material optimum as holder 41 appropriately.

In such a directional loudspeaker, when a signal obtained
by modulating an audible sound signal with a carrier wave in
the ultrasonic wave band is input from input terminals 39A
and 39B to seven piezoelectric elements 15, individual dia-
phragms 13 having piezoelectric elements 15 vibrate. As a
result, a highly-directional sound wave radiates from seven
places to the same direction (the upper direction in FIG. 11),
and thereby audio information with high sound pressure can
be transmitted only to a specific subject.

With the above configuration and operation, the structure
of retaining diaphragms 13 with beams 17 can offer high
reliability, and the bend of beams 17 can enhance the sound
pressure in each of diaphragms 13. Thereby, a directional
loudspeaker with much higher sound pressure can be pro-
vided.

In this exemplary embodiment, seven diaphragms 13 are
disposed. However, the number is not limited to seven and
may be changed so that required sound pressure can be
obtained. The external shape of vibrator 11 and holder 41 is
not limited to an octagon as shown in FIG. 11, and may be any
shape, such as a circle.

The shapes of beams 17 and slits 21 and arrangement
thereof described in this exemplary embodiment are not lim-
ited to the configuration shown in FIG. 11, and the configu-
rations described in FIG. 4 through FIG. 9C are applicable.
Alternatively, beams 17 and slits 21 may have shapes differ-
ent from those shown in FIG. 4 through FIG. 9C and may be
arranged in a manner different from those shown in these
drawings. Such shapes and arrangement can also offer the
advantages similar to those of the configuration shown in
FIG. 11.

Also in this exemplary embodiment, piezoelectric element
15 having piezoelectric element protrusions 35 described in
the fourth exemplary embodiment is applicable. This con-
figuration can also offer the advantages similar to those of the
fourth exemplary embodiment.
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Also in the second through the sixth exemplary embodi-
ments, as described in the first exemplary embodiment, piezo-
electric elements 15 may be formed on both faces of dia-
phragm 13, or piezoelectric elements 15 may be laminated.
With those configurations, the sound pressure can be further
enhanced and piezoelectric elements 15 canbe driven ata low
voltage.

The exemplary embodiments described above can provide
a directional loudspeaker with high reliability and high sound
pressure where the possibility of peeling-off of diaphragm 13
is reduced. That is, diaphragm 13 is fixed to fixed part 19 via
a plurality of beams 17 formed in at least part of the outer
circumference of diaphragm 13. With this configuration, dia-
phragm 13 is retained by beams 17. Thus, beams 17 can bend
in response to vibration of diaphragm 13. Therefore, it is
unnecessary to use the conventional configuration including
the bend of the free end of diaphragm 13, in which the sound
pressure is ensured by using an insulating adhesive agent.
This eliminates the need for the use of the insulating adhesive
agent, which enhances the reliability. Further, the bend of
beams 17 allows vibration of entire diaphragm 13 even
through diaphragm 13 is retained by beams 17. This configu-
ration can offer high sound pressure. Therefore, a directional
loudspeaker having high reliability and high sound pressure
can be provided.

INDUSTRIAL APPLICABILITY

The present invention can provide a directional loud-
speaker that has high reliability and high sound pressure, and
is especially useful as a directional loudspeaker that transmits
audio information only to a specific subject.

The invention claimed is:

1. A directional loudspeaker comprising a vibrator includ-
ing:

a diaphragm having a circular shape;

a piezoelectric element disposed on at least one of a top

face and a bottom face of the diaphragm;

beams disposed in at least a part of an outer circumference

of the diaphragm; and

a fixed part disposed outside the beams, wherein:

slits are formed by adjacent two of the beams and at least

one of the diaphragm and the fixed part, and

the beams form a helical shape from the diaphragm to the

fixed part.

2. The directional loudspeaker according to claim 1,
wherein the diaphragm, the beams, and the fixed part are
integrally formed.

3. The directional loudspeaker according to claim 1,
wherein a distance between portions fixed to the diaphragm,
of adjacent two of the beams, is substantially zero within a
fixing accuracy of each of the beams to the diaphragm.

4. The directional loudspeaker according to claim 1,
wherein a distance between portions fixed to the fixed part, of
the adjacent two of the beams, is substantially zero within a
fixing accuracy of each of the beams to the fixed part.

5. The directional loudspeaker according to claim 1,
wherein protrusions are provided on the piezoelectric ele-
ment so as to correspond to portions, to which the beams are
fixed, of the diaphragm.

6. The directional loudspeaker according to claim 1,
wherein sets of combination of the diaphragm and the beams
are formed on one substrate, and the substrate is the fixed part.

7. The directional loudspeaker according to claim 1,
wherein:

each of the slits are defined by three lines, and
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one of the three lines is a part of the outer circumference of
the circular shape of the diaphragm.
8. The directional loudspeaker according to claim 7,
wherein remaining two lines of the three lines are curved.
9. The directional loudspeaker according to claim 1,
wherein each of the slits is defined by two curved lines.
10. The directional loudspeaker according to claim 1,
wherein:
an inner circumference of the fixed part has a circular
shape,
each of the slits are defined by three lines, and
one of the three lines is a part of the inner circumference of
the circular shape of the fixed part.
11. The directional loudspeaker according to claim 10,
wherein remaining two lines of the three lines are curved.
12. A directional loudspeaker comprising a vibrator
including:
a diaphragm having a circular shape;
a piezoelectric element disposed on at least one of a top
face and a bottom face of the diaphragm;
beams disposed in at least a part of an outer circumference
of the diaphragm; and
a fixed part disposed outside the beams, wherein:
slits are formed by adjacent two of the beams and at least
one of the diaphragm and the fixed part,
each of the slits is defined by three or four lines, and
a length of each of the beams is longer than a distance
between the diaphragm and the fixed part.
13. The directional loudspeaker according to claim 12,
wherein:
an inner circumference of the fixed part has a circular
shape,
each of the slits are defined by four lines,
one of the four lines is a part of an outer circumference of
the circular shape of the diaphragm, and
one of the four lines is a part of the inner circumference of
the circular shape of the fixed part.
14. The directional loudspeaker according to claim 13,
wherein remaining two lines of the four lines are straight.
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15. The directional loudspeaker according to claim 12,
wherein:
at least one of the slits are defined by three lines, and
one of the three lines is a part of an outer circumference of
the circular shape of the diaphragm.
16. The directional loudspeaker according to claim 15,
wherein remaining two lines of the three lines are straight.
17. The directional loudspeaker according to claim 12,
wherein:
an inner circumference of the fixed part has a circular
shape,
at least one of the slits are defined by three lines, and
one of the four lines is a part of the inner circumference of
the circular shape of the fixed part.
18. The directional loudspeaker according to claim 17,
wherein remaining two lines of the three lines are straight.
19. The directional loudspeaker according to claim 12,
wherein an angle of each beam against the outer circumfer-
ence of the diaphragm is inverted alternately.
20. A directional loudspeaker comprising a vibrator
including:
a diaphragm having a circular shape;
a piezoelectric element disposed on at least one of a top
face and a bottom face of the diaphragm;
beams disposed in at least a part of an outer circumference
of the diaphragm; and
a fixed part disposed outside the beams, wherein:
slits are formed by adjacent two of the beams and at least
one of the diaphragm and the fixed part,
each of the beams has a clank shape,
an inner circumference of the fixed part has a circular
shape,
each of the slits is defined by adjacent beams, a part of an
outer circumference of the circular shape of the dia-
phragm and a part of the inner circumference of the
circular shape of the fixed part.
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